The larvae of two strains of Spodoptera litura, Ishihara and Sumitomo, supplied by Ishihara Sangyo Co. Ltd. and Sumitomo Chemical Co. Ltd., respectively, were raised on an artificial diet until last larval-larval ecdysis, and their growth and survival were compared when fed on leaves from 15 different plants known as host plants of this species. The Ishihara strain grew better and a higher percentage of larvae pupated when fed on spinach, leaf mustard, tomato, Chinese kale, taro, green pepper, red pepper or eggplant, compared with the Sumitomo strain. Whereas, much lower percentage of the larvae of the Sumitomo strain pupated especially on the last four plants, indicating that these plants were not suitable diets for larvae of this strain. The presence of strains differing in their host ranges is discussed in relation to the migration of S. litura.
INTRODUCTION
The common cutworm, Spodoptera litura is distributed throughout Asia and Oceania in tropical, subtropical and temperate zones (Venette et al., 2003) . The larvae are known to feed on more than 120 plant species including crops, vegetables, weeds, flowers, and even the leaves of citrus plants and rice (Okamoto and Okada, 1968; Balasubramanian et al., 1984; Sharma, 1994; Pogue, 2003; Venette et al., 2003) .
In Japan, taro and soybean are generally considered to be good host plants for S. litura larvae, and the damage done by the larvae is usually observed in the summer and autumn (Okamoto and Okada, 1968; Nakasuji, 1975) . We previously reported that larvae reared on taro leaves grew significantly more slowly, had a lower emergence rate and emerged as smaller adults, compared with those reared on soybean leaves (Sakamoto et al., 2004) . Previous studies, however, have demonstrated similar or rather better growth of larvae on taro, compared with on soybean (Horikiri, 1965; Okada, 1977) . In this report, we describe two strains of S. litura maintained in different laboratories, which differ in their host ranges, and suggest that the contradictory results mentioned above could be explained by the larvae differing in host ranges.
MATERIALS AND METHODS
The food plants used in these experiments are listed in Table 1 , with information on their origins, and the periods of cultivation and the feeding experiment.
Egg masses of S. litura were supplied by Sumitomo Chemical Co. Ltd., as in the previous study (Sakamoto et al., 2004 ) (hereafter referred to as the Sumitomo strain), and by Ishihara Sangyo Co. Ltd. (the Ishihara strain), where these strains have been maintained for more than 20 years. After hatching, all of the larvae were reared at 25Ϯ1°C under a 16 h light-8 h dark photo-regime on an artificial diet (Okada, 1977) , containing kidney beans, wheat bran and yeast powder as the major ingredients. After ecdysis to the final instar, 30 larvae were reared in a plastic cage (25.5 cm widthϫ17.5 cm depthϫ4.5 cm height) with a supply of plant leaves until pupation, which was checked two times a day. Pupae were weighed within one day after ecdysis. Three replicates were performed for each plant.
A fitness index for the plants as food (FIP) was calculated as follows: average pupal weight ϫ average percentage of pupation / average duration of last larval period.
In the cases of larvae reared on taro and soybean, daily changes in the wet weight were recorded.
Statistical analyses were carried out by unpaired t-test (parametric tests), or by the Mann-Whitney U-test (nonparametric tests), using Stat View 4.0, Macintosh for Expert (BNN Company, 1994) .
RESULTS
The development profiles of the two strains were compared when their larvae were reared on the leaves of taro or soybean during last instar, having been raised on artificial diet until the final larval ecdysis (Fig. 1) . In the Ishihara strain, the larvae gained weight for the first three days, and then lost weight, and over 80% pupated within six days on both types of plants. In the Sumitomo strain, larvae grew on taro, being delayed by one day, and ecdysed to smaller pupae, three days later than those on soybean. Over 30% of the larvae died without pupation within 9 days, and further 30% one day later (not shown). The development of the two strains on soybean was similar.
Furthermore, the developmental profiles of the last instar larvae were compared between the two strains on leaves of plants including taro and soybean. Amongst the 15 plants tested, no larvae of either strain developed into pupae on bitter cucumber or rice, and data on these two plants were therefore omitted from the following figures. The results are listed in order of the FIP value obtained in the Ishihara strain. Figure 2 indicates that the duration of the last larval instar varied depending on the type of plant eaten by the larvae: in the Ishihara strain, this ranged from 5.3 days on spinach to 8.4 days on sweet potato, and in the Sumitomo strain, from 5.4 days on qing geng cai to 9.0 days on red pepper, on 492 S. TOJO et al. average. There were significant differences in the duration (pϽ0.001, t-test) between the two strains: in the Ishihara strain compared to the Sumitomo strain, the durations were shorter on spinach, tomato and taro, but longer on qing geng cai, lotus and Chinese kale, although the differences in duration were within one day, except in the case of taro, when the duration was shorter by 2.7 days. The number of pupae was too small to be analyzed statistically when the larvae of the Sumitomo strain were reared on green pepper. Figure 3 shows larger fluctuations in pupal weight when the larvae were reared on different plants: in the Ishihara strain, ranging from 204 mg on eggplant to 366 mg on spinach, and in the Sumitomo strain from 147 mg on red pepper to 322 mg on qing geng cai, on average.
Significantly heavier pupae (pϽ0.001, t-test or Mann-Whitney U-test) were obtained in the Ishihara strain compared with the Sumitomo strain when the larvae were reared on spinach, leaf mustard, tomato, lotus, Chinese kale, taro, red pepper, eggplant or sweet potato, the weights being greater by 40 mg on lotus, taro, red pepper and sweet potato. The pupae were apparently also heavier in the Ishihara strain on green pepper, although statistical analyses could not be conducted due to the small sample size. Figure 4 shows larger differences in the percentage of larvae pupating when fed on different plants: in the Ishihara strain, on average, over 80% pupated on leaf mustard, green pepper and lotus, and 42% (minimum percentage) on sweet potato, whilst in the Sumitomo strain less than 80% pupated on all plants tested, and less than 30% on taro, green pepper, red pepper and eggplant. On the latter three plants, less than 12% pupated. A significantly higher pupation ratio (pϽ0.001, but pϭ0.024 on lotus, t-test) was obtained with the Ishihara strain than the Sumitomo strain when the larvae were reared on spinach, leaf mustard, green pepper, lotus, taro, red pepper or eggplant.
FIP values were calculated based on the data indicated in Figs. 2-4 and are shown in Fig. 5 in a Fig. 1 . Comparison of wet weight of larvae and pupae between two strains of Spodoptera litura, when larvae were reared on leaves of taro (᭹) or soybean (᭺), and survival ratios on taro (᭡) or soybean (᭝), after being raised on an artificial diet until last larval ecdysis. Thirty larvae were used for each experiment. Values are averages with SD. Fig. 2 . Comparison of durations of last larval instar between two strains of Spodoptera litura, when larvae were reared on leaves of different plants, after being raised on an artificial diet until last larval ecdysis. Values are averages with SD (three replicates). Significant differences between strains are indicated by *** (pϽ0. 001, t-test) . N: statistical analysis could not be conducted because the number of the Sumitomo strain was too small. radar-like manner to aid comparison. FIP fluctuated greatly, ranging from 55.2 to 14.2 in the Ishihara strain, and from 40.1 to 0.3 in the Sumitomo strain. Similar FIP values, given in parentheses, were obtained for the two strains when the larvae were fed qing geng cai (40-41), lotus (31-36), soybeans (29-34), cucumber (22-25) or sweet potato (10-14), whereas, the values for spinach (55), leaf mustard (45), tomato (38) and Chinese kale (36) in the Ishihara strain were nearly twice than those in the Sumitomo strain. FIP values on green pepper, taro, red pepper and eggplant were less than 8 in Sumitomo strain, far lower than those in the Ishihara strain.
DISCUSSION

Different growth of the two strains fed on taro and soybean
In a previous study, last instar larvae fed on taro showed significantly slower development and a lower percentage emerged as adults. The adults were smaller than those fed on soybean (Sakamoto et al., 2004) . In the present study, such differences between larvae fed on taro and soybean were confirmed in the Sumitomo strain, but the larvae of the Ishihara strain developed similarly on both taro and soybean (Fig. 1) . Also, in previous studies, similar, or rather better, growth of larvae on taro than on soybean has been reported (Horikiri, 1965; Okada, 1977) . So, it is therefore likely that a biotype or ecotype like the Ishihara strain was used in earlier studies. 494 S. TOJO et al. Fig. 3 . Comparison of pupal weights between two strains of Spodoptera litura, when larvae were reared on leave of different plants, after being raised on an artificial diet until last larval ecdysis. Values are averages with SD (three replicates). Significant differences between strains are indicated by *** (pϽ0.001, t-test, except for red pepper and eggplant in which the Mann-Whitney Utest was conducted). N: statistical analysis could not be conducted because the number from the Sumitomo strain was too small. Fig. 4 . Comparison of pupation ratios (%) between two strains of Spodoptera litura, when larvae were reared on leaves of different plants, after being raised on an artificial diet until last larval ecdysis. Values are averages with SD (three replicates). Significant differences between strains are indicated by * (pϽ0.05) or *** (pϽ0.001, t-test).
Different fitness of the two strains on different host plants
In the Ishihara strain, heavier pupae (Fig. 3 ) tended to be produced after shorter durations of last larval instar (Fig. 2) , resulting in a higher percentage of larvae pupated (Fig. 4) . FIP values calculated from these data decreased from 55.2 on spinach to 14.2 on sweet potato (Fig. 5) , in the order of plants listed in Table 1 . The FIP value in the Ishihara strain was lowest in larvae fed on sweet potato, but they ecdysed into rather heavy pupae of 283 mg (Fig. 3) . Thus, it can be noted that, in the Ishihara strain, 13 plants are utilized as host plants, or at least as plants on which the growth of larvae can be largely completed. Whilst, the Sumitomo strain, compared with the Ishihara strain, showed lower fitness in terms of the development of last instar larvae when fed on spinach, leaf mustard, green pepper, tomato, Chinese kale, taro, red pepper or eggplant, as reflected in FIP values (Fig. 5) . Less than 10% of larvae in the Sumitomo strain pupated on eggplant, red pepper and green pepper (Fig. 4) and FIP values were less than 8 on these three crops and on taro (Fig. 5) . Thus, it can be concluded that the Sumitomo strain has a smaller host range than the Ishihara strain: green pepper, red pepper, eggplant and taro are not suitable host plants for this strain.
The last instar larvae of the Sumitomo strain fed on leaves of green pepper, red pepper, or eggplant, and gained weight in the early three to five days of the instar, but slowly, compared with the Ishihara strain, as they fed on taro (Fig. 1) . Furthermore, a higher percentage of Sumitomo larvae than the Ishihara larvae tended to die in a hardened condition without pupating when fed on plants including these four, as well as spinach, leaf mustard and Chinese kale (Fig. 4) . These results suggest that chemical compounds in these plants interfere with the uptake or metabolism of nutrients, and/or the endocrine system responsible for regulating metamorphosis, and that the Sumitomo strain fails to counteract these effects. The ability to grow and survive on different plants differs partly or mainly due to the ability to detoxify or tolerate plant secondary metabolites (Bernays and Chapman, 1994; Schoonhoven et al., 1998) . Studies are now in progress to identify these metabolites and to determine their effects on the growth of both strains.
Populations differing in host ranges in the field
The existence of populations, called biotypes, ecotypes and/or races which differ in growth, survival, or weight attained on different host plants has been broadly recognized in various insects (Diehl and Bush, 1984; Futuyma and Peterson, 1985; Bernays and Chapman, 1994; Schoonhoven et al., 1998) . Also, in S. litura, the presence of populations or individuals which differ in their density-dependently regulated phase polymorphisms (Tojo, 1991) , and pre-oviposition period (Murata et al., 2006) have been reported.
The larvae of S. litura are known to feed on over 120 species of plants, including the 15 plants tested in this study (Okamoto and Okada, 1968; Balasubramanian et al., 1984; Sharma, 1994; Pogue, 2003; Venette et al., 2003) . We found here, however, that none of the last instar larvae from either strain pupated on bitter cucumber or rice. We are now finding the individuals in the field with similar or different growth and survival patterns on taro and soybeans to those exhibited by the Ishihara or Sumitomo strains, respectively, as well as individuals which do not grow on either plant (Tojo and Phaophan, unpublished ranges amongst the population in the field.
As S. litura does not enter diapause and its developmental zero is 10°C (Ishida and Miyashita, 1976) , the species is thought to be unable to hibernate in temperate zones where the temperature often falls below 0°C in winter. The species is, however, found even in frigid zones, such as areas at 50°N in Russia (Venette et al., 2003) . Such a broad distribution of S. litura suggests high migratory ability, as suggested by Murata et al. (1998) and Murata and Tojo (2004) . It may therefore be reasonable to assume that the food source for S. litura larvae would change depending on its immigration area, and that individuals and/or populations which survive better on the food plants existing there would subsequently have a higher rate of population within the immigrant population. As demonstrated here, the larvae of the Sumitomo strain barely survive on green pepper, taro, red pepper and eggplant, which originate from tropical or subtropical zones (Table 1) . Individuals and populations with narrower host ranges, like the Sumitomo strain, might be adapted for reproduction in temperate or cooler zones, by feeding on plants which originate in temperate zones like soybean and qing geng kai. Plants like the four plants mentioned above originate in hot zones and do not exist or are only available for short periods in these cooler zones, even if cultivated. Thus, the evolution of individual differences in host range would be effective for the dispersal and propagation of S. litura populations in foreign areas with different food ranges.
